of manually reconfigured prototypes demonstrate frequency and polarization configurability.
Microscale liquid metal switches with low contact resistance on the order of tens of mQ have been examined previously [5] . Although the use of Hg is undesirable due to its toxicity, the amounts used in the proposed antenna total less than 9mg, about the same quantity of Hg present in two compact fluorescent light bulbs [7] . Antennas featuring a pressure-driven plated solid have been proposed but require tight manufacturing tolerances to enable actuation and desired antenna performance [6] . A variety of liquid-metal based antenna topologies have been demonstrated, ranging from the earliest simple patch [8] and the stunning flexible dipoles [9] , to recent work using slot based designs [10] [11] [12] and more complex patches [13, 14] . A key issue is the co-design of fluidic actuation for tuning with a candidate tunable antenna topology. This co-design challenge makes it particularly hard to address band-switching in circularly polarized antennas since the geometry is more complicated than monopoles and dipoles. Another key issue is the method for actuating the fluidics.
Pressure [15] , pneumatic [10, 13, 16] , and more recently electrowetting [11] [12] antenna tuning methods have been demonstrated with wide tuning ranges.
Our work adds to the state-of-art by contributing a switchable tri-band design with circular polarization in a thin form factor. An electrowetting actuation compatible with full integration is developed and validated.
II.
MICROSWITCH OPERATION Frequency (GHz) The chosen feed location is a compromise between the 50n feed points for each of the configurations.
IV. FABRICATION
The described antenna is fabricated using circuit were also fabricated with the above process. A photograph of a completed antenna prototype is shown in Fig. 3 .
V. MEASURED RESULTS
The measured and simulated return loss of a prototype antenna in each of its three configurations is plotted in Frequency ( Hz) For the prototype antenna in the ISM mode, a peak gain of 4.9dBic was measured. In the A WS mode, a peak gain of 3.91dBic was measured. In the GPS mode, the peak measured gain is 1.63dBic. The minimum boresight axial ratios of the antenna in its ISM, A WS, and GPS modes are 1.43dB, 2.82dB, and 1.24dB, respectively, and the The compact antenna occupies a footprint of 10.24cm 2 and is less than 2.1 rum thick. The low series loss of the microswitches not only maintains antenna efficiency, but also is promising with respect to power handling. Future work will explore the use of these microswitches in high power applications. Future work will also include integration of solid actuation electrodes for programmable control, alternative contact metals for long-term stability, and thinner dielectrics for lower actuation voltages.
Alternative liquid metals may also lower actuation voltages and toxicity concerns.
